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1 Introduction
[bookmark: _Hlk149589435]The contribution discusses RAN3’s impact to support ECN marking for L4S, PDCP discard and data forwarding.
2 Discussion
2.1 ECN Marking for L4S or Congest Monitoring
For Xn based handover, the source gNB sends the ECN marking for L4S or Congestion Monitoring Request IE in the PDU Session Resources To Be Setup List IE in the HANDOVER REQUEST message to the target gNB. The target gNB needs also provide feedback to the SMF. It means that the target gNB needs to include the ECN Marking or Congestion Monitoring Reporting Status IE in the Path Switch Request Transfer IE in the PATH SWITCH REQUEST message.
It is also applied to the UE Context Retrieval procedure when the UE returns to RRC_CONNECTED state from RRC INACTIVE state. 
Include the ECN Marking or Congestion Monitoring Reporting Status IE in the Path Switch Request Transfer IE in NGAP.
For NG based handover, the target gNB needs include the ECN Marking or Congestion Monitoring Reporting Status IE in the Handover Request Acknowledge Transfer IE in the HADNOVER REQUEST ACLKNOWLEGE message.
Include the ECN Marking or Congestion Monitoring Reporting Status IE in the Handover Request Acknowledge Transfer IE in NGAP.
In case of handover, data forwarding may be performed to avoid data loss:
-	the source gNB may forward DL fresh data (either PDCP SDU or SDAP SDU) to the target gNB;
-	the source gNB may also forward all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE.
-	the source gNB may also forward the uplink PDCP SDUs with their SN corresponding to PDCP PDUs received out of sequence.
For these forwarded data, the ECN bits may have been marked due to congestion in source gNB. But there is non-congestion in target gNB, in which ECN bits of these data should not been marked. Then RAN3 needs to discuss how to handle the marked ECN bits of the forwarded data.
RAN3 discusses how to handle the marked ECN bits of the data that are forwarded from source gNB to target gNB if the target gNB is not congested.
In last meeting, it is an FFS on:
1. Whether the SMF sends the reporting frequency/threshold along with the request to RAN? Or the RAN reports updates every time the calculated percentage is different from the last signaled value?
From our view that it is not reasonable that SMF mandates the RAN node’s behaviour to report the ECN Marking or Congestion information. It could let gNB’s decodes to report the ECN Marking or Congestion information by event triggered or periodical reports. One example is flow control in Xn-U/F1-U, there is no reporting frequency/threshold asked by the PDCP terminated node. We think the same pricinple should be used for ECN marking or congestion information reporting.
It is up to RAN implementation that when and how to send the updated ECN marking or congestion level information to UPF.
2.2 PDU Set based discard
PSI based discard timer configuration 
In RAN2#121, it was agreed:
	RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.



In RAN2#123bis, it was agreed:
	Agreements
1. We will use a discard timer mechanism for the low importance PDU set.  We will allow a value of zero for the timer.    The running discard timers are not changed.   
2. It is up to UE implementation to determine which PSI levels will apply the discard mechanism 
3. the gNB signals an activation/deactivation indication (e.g. when congestion situation is detection) 
4. activation/deactivation is signaled using an ON/OFF mechanism on a per UE basis.  Introduce new MAC CE.  



For UL PDPC discard, as per RAN2’s agreement, it means that gNB can configure two PDCP discard timers to UE: Normal PDCP discard timer and PSI based discard timer to the UE.  And gNB can signals an activation/deactivation of the PSI based discard timer to the UE by MAC CE.
For CU-DU split case, it would be straight forwards that gNB-CU decides to configure the PSI-based discard timer for a DRB. If the gNB-CU configures the PSI-based discard timer to the UE, the gNB-CU should inform gNB-DU that the PSI-based discard timer is configured to the UE so that the gNB-DU can send the MAC CE for activation/deactivation of the PSI-based discard timer to the UE, e.g., when congestion situation is detected.
When gNB-CU configures the PSI-based discard timer for any DRBs of the UE, the gNB-CU informs gNB-DU that the PSI-based discard timer is configured for the UE.
For DL data transmission, the gNB-CU-CP configures PSI based discard timer to the gNB-CU-UP in the PDCP Configuration IE via E1AP Bearer Context Setup Request or Bearer Context Modification request messages.
The PSI based discard timer is included in the PDCP Configuration IE in E1 AP.
Currently, the PSI is only carried in the GTP-U header of the QoS flow, which means that only gNB-CU-UP can get PSI information after receiving the user data of the QoS flow. But the PSI based discard timer configuration is usually configured by the gNB-CU-CP. In order to support PSI based discard timer configuration, the gNB-CU-CP needs to be aware of PSI information.
One of solution is the gNB-CU-UP sends PSI information to the gNB-CU-CP. But the gNB-CU-UP can only get the PSI information only after receiving the user data of the QoS flow since the PSI information is carried in the GTP-U header of the user data as per SA2 agreement. It means that the gNB-CU-CP may not be able to configure the PSI based discard timer at DRB setup. 
Another solution is the SMF sends the PSI information by NG-C signalling as a part of PDU Set QoS parameters to the gNB-CU-CP.
The other solution is to let gNB’s implementation to decides PSI based discard timer since only one PSI discard timer for lower importance PSI.  And as per RAN2’s agreement, it is up to UE’s implementation to decide the PSI. for DL data transmission, it is also let’s gNB-CU-CP’s implementation that how to apply the PSI based discard timer. It is solution is simpler and more aligned with RAN2’s agreement.
It is up to gNB’s implementation to configure the PSIs based discard timer since the gNB may not be aware of PSI information when DRB setup.
DL PDU Set Discard in F1-U
The gNB-CU may decide to discard the whole PDUs of the PDU set for example, when the PDSB or PDCP discard timer expires and The PDU Set Integrated Handling Information is received. In this case, the gNB-CU needs to indicate the gNB-DU to discard the PDCP PDUs of the PDU set that have not been delivered to lower layer. Currently, the information of downlink NR PDCP PDUs to be discarded for user data associated with a specific data radio bearer has been supported in the DL USER DATA frame as specified in the TS 38.425. if the gNB-CU decides to discard the PDU set, the gNB-CU can provide related PDCP SNs to be discarded to the gNB-DU following the TS 38.425. But to support more efficient discard information, it is worth to discuss whether the gNB-CU can indicate a PDU Set SN to be discard or PSI of PDU sets to be discard. For example, when the discard indication is to indicate to discard user data for a certain PSI level, the gNB-DU discard all PDCP PDUs as indicated with the certain PSI level, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers; when the discard indication is to indicate to discard user data for a certain PDU Set, the gNB-DU discard all PDCP PDUs as indicated with PDU set SN, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers;
RAN3 discusses to introduce PDU set or PSI based discard indication in F1-U protocol. 
[bookmark: OLE_LINK4]When the gNB-DU discard some PDCP PDUs that would be cause PDCP SN gap in the receiving side which causes PDCP window stalling if the PDCP SN is not used anymore.  How to avoid PDCP SN gap when PDCP discard performing. In order to reduce PDCP SN gap in the receiving side caused by PDCP discard, the gNB-DU provides discard feedback to gNB-CU. The discard feedback includes the PDCP SN information for the discarded PDCP PDUs. The discarded PDCP SN information may be in the F1-U user plane protocol, e.g., in the DL Data Delivery Status frame. The discarded PDCP SN information includes the PDCP SNs for all discarded PDCP PDUs. When receives the discarded PDCP SN information, the gNB-CU assigns the PDCP SNs that has been discarded by gNB-DU to new PDCP SDU, so that PDCP SN gap issue will not happen in UE side. 
gNB-DU provides discard feedback that includes PDCP SNs of discarded PDCP PDUs to gNB-CU in F1-U protocol.
2.3 Data Forwarding
There are two types of data forwarding, DRB based data forwarding and PDU session based data forwarding. As in the legacy, we believe that both DRB based data forwarding and PDU session based data forwarding should be supported. For PDU session based data forwarding, the PDU Set Information is added in the in the GTP-U extension header, i.e., PDU Session container as specified in TS 38.415. However, for DRB based data forwarding, how to provide the PDU Set Information needs to be discussed, which GTP-U extension header is used, i.e., RAN container as specified in 38.425 v.s. PDU session container as specified in TS 38.415. 
For DRB based data forwarding, the PDU Set Information should be added in the GTP-U extension header of PDCP SDU.
PDU Set PSDB defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. the duration between the reception time of the first PDU (at the N6 termination point for DL or the UE for UL) and the time when all PDUs of a PDU Set have been successfully received (at the UE for DL or N6 termination point for UL). The AN PSDB is derived at NG-RAN by subtracting CN PDB from the PSDB. Then AN-PSDB represents the difference between the time when the first PDU of the PDU Set is arrived at the gNB and the time when the last PDU or all PDUs of the PDU Set has been delivered to the UE successfully. However, handover may happen during transmission of a PDU set. There is a case that partial PDUs of the PDU set has been successfully transmitted in the source gNB, while the other PDUs of the PDU set will be transmitted by the target gNB. In this case, the target gNB should be aware of the remaining AN-PSDB for transmitting the remaining PDUs of the PDU set for more accurate QoS management and scheduling. One of possible solution is the source gNB provides the remaining AN-PSDB of a PDU set to the target gNB by Xn-U protocol.


Figure 1. Handover happens during data transmission of a PDU Set
For data forwarding, the source gNB provides the remaining AN-PSDB of a PDU set in the GTP-U extension header to the target gNB.
To support PDU Set based QoS handling, an indication of End PDU of the PDU set is provided by UPF in the GTP-U header. In order to support lossless handover, data forwarding from source gNB to target gNB is performed. In case of PDU set integration transmission is needed, the target gNB needs to know the transmission status of the PDU set in source gNB.  How the target gNB knows the transmission status of a PDU set needs to be solved at least in the following case:
-	The source gNB receives the End PDU of a PDU set from UPF.
-	Before handover, the End PDU (PDU#3) has been transmitted to UE successfully, but a PDU (PDU#2) before the End PDU have not been acknowledged from UE.  
-	Currently, the source gNB shall forward PDU#2 to the target gNB during data forwarding.
-	Since the End PDU is not forwarded to the target gNB, the target gNB does not know whether the transmission of the PDU set is complete and thus is not able to perform PDU set integrated handling for the PDU set


Figure 2. Issue of End PDU Indication during handover
For data forwarding, if the End PDU of a PDU set has been transmitted to UE successfully in source gNB, the source gNB needs to put End PDU indication in the GTP-U header of the last forwarded PDCP SDU of the PDU set.
2.4 UL BAT reporting
RAN2#123bis meeting has discussed UL BAT report and reached the following agreements:
	· 1.The definition of the BAT in the field description of the burstArrivalTime should be updated as follows: “indicates the average value of the arrival time of the first packet of the Data Burst”.  
· A choice structure comprising ReferenceTime IE and reference SFN/slot is designed for BAT reporting


In case of NR-DC and BAT is reported with reference SFN/slot, the MCG and SCG may not be time synchronized. For example, PCell and PSCell are time desynchronized. The UE may calculate the BAT according to the timing of PCell in MCG and report it to the network. Since the PSCell in SN is not time synchronized with PCell in MN, the reported BAT cannot be used by SN directly.
In case of handover, the UE calculates the BAT according to the timing in the source cell and report it to the source gNB before handover. The source gNB forwards the reported BAT to the target gNB. However, the reported BAT cannot be used by the target gNB directly if the target cell is not timing synchronized with the source cell. 
According to above issue analysis, it is proposed RAN2 to discuss how to handle these cases above.
RAN3 to discuss how to report the UL burst arrival time to MCG/SCG in case of NR-DC and to target cell in case of handover if the target cell is not timing synchronized with the source cell.
3	Conclusion
The contribution discusses RAN3’s impact to support ECN marking for L4S, PDCP discard and data forwarding.
ECN Marking for L4S
1. Include the ECN Marking or Congestion Monitoring Reporting Status IE in the Path Switch Request Transfer IE in NGAP.
1. Include the ECN Marking or Congestion Monitoring Reporting Status IE in the Handover Request Acknowledge Transfer IE in NGAP.
1. RAN3 discusses how to handle the marked ECN bits of the data that are forwarded from source gNB to target gNB if the target gNB is not congested.
1. It is up to RAN implementation that when and how to send the updated ECN marking or congestion level information to UPF.
PSI based discard
1. When gNB-CU configures the PSI-based discard timer for any DRBs of the UE, the gNB-CU informs gNB-DU that the PSI-based discard timer is configured for the UE.
1. The PSI based discard timer is included in the PDCP Configuration IE in E1 AP.
1. It is up to gNB’s implementation to configure the PSIs based discard timer since the gNB may not be aware of PSI information when DRB setup.
1. RAN3 discusses to introduce PDU set or PSI based discard indication in F1-U protocol. 
1. gNB-DU provides discard feedback that includes PDCP SNs of discarded PDCP PDUs to gNB-CU in F1-U protocol.
Data forwarding
For DRB based data forwarding, the PDU Set Information should be added in the GTP-U extension header of PDCP SDU.
For data forwarding, the source gNB provides the remaining AN-PSDB of a PDU set in the GTP-U extension header to the target gNB.
For data forwarding, if the End PDU of a PDU set has been transmitted to UE successfully in source gNB, the source gNB needs to put End PDU indication in the GTP-U header of the last forwarded PDCP SDU of the PDU set.
UL BAT Reporting
RAN3 to discuss how to report the UL burst arrival time to MCG/SCG in case of NR-DC and to target cell in case of handover if the target cell is not timing synchronized with the source cell.
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